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LONG-TERM  GOALS 

The  long-terms  goals  of  the  research  are  to  understand  and  parameterize  the  physics  of  air  -sea 
interaction,  and  in  particular  wind-wave  interaction.  The  effort  is  primarily  experimental,  based  on 
measurements  over  the  sea  under  a  variety  of  wind-wave  conditions.  Applications  are  to  EO 
propagation  and  scintillation  over  the  ocean. 

OBJECTIVES 

The  objective  is  to  develop  similarity  parameterizations  of  air-sea  interaction  and  the  MABL. 
Underlying  this  is  the  improvement  of  the  basic  understanding  of  wind- wave  physics. 

APPROACH 

The  approach  is  in-depth  analysis  of  the  wind,  turbulence  and  wave  data  obtained  in  the  Marine 
Boundary  Layers  ARI  experiment  from  R/P  FLIP.  Approximately  7  GB  of  data  were  obtained. 
Spectral,  statistical  and  other  analyses  are  applied  to  the  data  to  determine  the  physics  of  wind-wave 
interaction  and  parameterizations  of  air-sea  interaction.  Theoretical  analyses  of  atmospheric 
turbulence  are  undertaken. 

WORK  COMPLETED 

Work  has  focussed  on  the  interpretation  of  the  wind,  wave  and  wind  stress  results  obtained  from  the 
MBL  data  set.  A  theoretical  analysis  of  surface  fluxes  was  undertaken  to  determine  the  corrections 
necessary  when  there  are  finite  mass  (e.g.,  evaporation)  and  heat  fluxes  at  the  surface.  The  work 
cleared  up  previous  misunderstandings  and  extended  the  corrections  to  momentum  transfer  (wind 
stress). 

RESULTS 

The  surface  layer  turbulence  structure  over  wind  waves  and  swell  is  found  to  be  different  from  that 
over  land.  The  common  assumption  for  the  surface  layer  is  that  there  is  negligible  stress  divergence. 
Stress  divergence  appears  to  be  more  important  and  higher  wind  speeds,  with  accompanying  higher 
waves.  This  is  shown  in  Figure  1,  where  the  stress  at  the  canonical  10-meter  height  is  plotted  versus 
the  stress  extrapolated  to  the  surface.  At  the  highest  speed  conditions  of  the  MBL  experiment,  the 
surface  stress  exceeds  the  10-meter  stress  by  40%. 
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Figure  1:  Kinematic  wind  stress  at  10-meter  height  and  the  surface  from  the  MBL  experiment  on 
R/P  FLIP.  Solid  lines  are  1:1  and  Tennekes'  model;  red  line  is  the  second-order  regression. 


The  corrections  to  surface  sensible  heat,  latent  heat,  momentum  and  trace  gas  species  fluxes  were 
derived.  For  the  first  time,  corrections  to  the  momentum  flux  were  obtained. 

IMPACT/APPLICATIONS 

The  impacts  of  the  research  will  be  in  the  improvement  of  the  basic  understanding  of  air-sea 
interaction  processes  in  particular  the  physics  of  wind-wave  coupling.  The  research  will  lead  to  better 
parameterizations  of  air-sea  interaction,  such  as  the  wind  stress,  through  incorporation  of  wave  effects. 

The  result  of  significant  stress  divergence  in  the  lower  20  m  above  the  waves  in  high  winds  should 
have  impacts  on  wave  forecasting  models  and  large-scale  weather  models.  The  results  of  the  10-meter 
drag  coefficient  are  shown  in  Figure  2,  where  the  MBL  values  are  plotted  together  with  the  formula  of 
Garratt.  The  formula  underestimates  the  surface  stress  above  8  meters  per  second  wind  speeds  up  to 
70%  due  to  the  neglect  of  stress  divergence. 
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Figure  2:  MBL  Drag  Coefficient  and  Garratt's  Compilation  (black  line).  Red  Line  is  Quadratic 

Model  Accounting  for  Stress  Divergence. 


The  corrections  to  surface  fluxes  will  be  of  use  for  past  and  future  eddy  correlation  flux  measurements. 

TRANSITIONS 

We  are  working  with  the  Navy  Space  and  Warfare  Systems  Command,  SPAWAR  about  measurements 
and  wave  effects  on  radar  and  optical  propagation  in  the  surface  layer  over  the  ocean.  We  are 
preparing  for  an  experiment,  Rough  Evaporation  Duct,  to  be  conducted  on  the  Research  Platform  FLIP 
in  fall  2001. 

RELATED  PROJECTS 

This  project  is  related  to  our  participation  in  the  SPAWAR  RED  experiment. 
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